Introduction
The coupling of the m = 2 MHD-mode with the controlled halo-current has been observed in previous T-10 experiments [1, 2] . The rail limiter and vacuum vessel served as electrodes to generate the halo current in the plasma. In [2] , a final amplifier was used as a controllable EMF source in the external part of the halo-current loop between the rail limiter and the vacuum vessel. It was natural to assume that the halo-current flowed at the plasma boundary from the rail limiter along the magnetic field lines with a gradual leakage to the vacuum vessel due to the SOL plasma perpendicular conductivity. The application of an oscillating halo-current of about 100 A amplitude resulted in the m = 2 mode frequency shift to the halo-current frequency. In the case of a direct halo-current pulse, a termination of the mode rotation has been observed.
In Ref. [2] , the experiments were simulated using the model of the Rutherford non-linear tearing mode [3, 4] under influence of the magnetic perturbation produced by the halocurrent. The mode rotation was taken into account with assumption of constant natural frequency. This model has been successfully used to simulate the m = 2 mode frequency variations observed in the experiment. As in [5] , in this model the frequency variations of the mode can be attributed to the well-known effect of the frequency locking in an externally driven non-linear oscillator. In the general case the oscillations are considered as a superposition of natural and forced oscillation components. In the case of sufficiently high amplitude of the forced part, the component with the natural frequency can be converged due to the non-linear damping.
The results of the m = 2 mode natural frequency measurements in course of the mode locking by the controlled halo-current are presented in this paper. These measurements were aimed to verify the assumption of the constant natural frequency used in the model [2] . The correctness of theoretical analysis and numerical simulation of tearing mode in the presence of externally applied helical magnetic field used for the mode control depend on the adequacy of this assumption.
Experimental Arrangement
In the present study, the experimental arrangement was similar to [2] . The T-10 major and minor radii of the vacuum vessel are R = 1.5 m and b = 0.39 m, and the radius of the permanent circular limiter electrically connected to the vacuum vessel is 0.33 m. The experiments were carried out at the discharge parameters: toroidal magnetic field B T = 2.42 T, discharge current I P = (238-258) kA, q(a) = (2.28-2.47). The plasma minor radius determined by the position of the rail limiter was a = 0.27 m.
The structure of the MHD perturbation was measured with poloidal magnetic field sensors located at the inner surface of the vacuum vessel. The procedure of the MHD signal processing included spatial and time Fourier transforms. A regime with a stationary m = 2 mode of about (5-10) 10 -4 T amplitude at the position of the magnetic sensors and about 0.9 -1.2 kHz frequency was chosen for the experiments.
As in the previous experiment [2] , the halo-current loop consisted of the rail limiter, plasma, vacuum vessel and external circuit with a final amplifier. In this case the halo-current was preprogrammed to represent a superposition of a direct-current pulse used for the mode locking and an oscillating current component. The frequency of the oscillating component was changed from pulse to pulse for the natural frequency measurements by the resonant response of the mode.
Numerical Modelling
The experiment had been preliminarily simulated using the model described in Ref. [2] . The time evolution of the cosine, B C = C / r, and sine, B S = S / r, components of the m/n = 2/1 poloidal magnetic field perturbation at the sensor position was calculated for the conditions of the T-10 experiment using the equations:
where W is the magnetic island width, = mV 0 /r s is the mode natural frequency, R = 1/ R , is the resistive time. 
Experimental Results
The experimental waveforms of the halo-current and the m = 2 mode signals are shown in  FIG. 2 . The mode signal oscillations of small amplitude are observed after the mode rotation is terminated under the pulse of the direct halo-current. These oscillations look like a trembling of the non-rotating mode. They can be seen even without application of the halocurrent oscillating component, as shown in FIG. 2 (a) . The frequency of these oscillations in  FIG. 2 (a) is the same as the frequency of the mode rotation before the halo-current switching on. In FIG. 2 (b) one can see the case of the superposition of the direct and oscillating halo-current components. In this case the mode rotation stops under the influence of the halo-current, the frequency of the oscillating mode component changes to the halocurrent frequency. This result is illustrated in FIG. 3 where the Fourier spectra of the halocurrent and the m = 2 mode are shown. The maximum amplitude of these forced oscillations of the mode is observed when the frequency of the halo-current oscillating component is the same as the frequency of the mode before switching on of the halo-current ( see FIG. 3 and  FIG. 4) . It means that the observed termination of the mode rotation by halo-current is not accompanied by a noticeable variation of the mode natural frequency. 
Conclusion
The experiments have been carried out to study the m = 2 mode natural frequency behaviour under the mode locking by the controlled halo-current. A resonant response of the mode to the halo-current oscillations was observed. In conditions of the T-10 experiment, there was no noticeable variation of the mode natural frequency under the termination of the mode rotation by the halo-current. This effect should be taken into account at the analysis of the tearing mode evolution in the presence of an external helical magnetic field.
